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I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 17)): 

Description, Pages 

1-12 filed with telefax on 1 9.02.2004 
Claims, Numbers 

1 -42 filed with telefax on 1 9.02.2004 
Drawings, Sheets 

1/11-11/11 as published 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

jh ese elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under 
Rule 55.2 andybr 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure 
in the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 
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5 □ This report has been established as if (some of) the amendments had not been made, since they have 
been considered to go beyond the disclosure as filed (Rule 70.2(c)). 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 
see separate sheet 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1. Statement 
Novelty (N) 

Inventive step (IS) 

Industrial applicability (IA) 



Yes: Claims 

No: Claims 

Yes: Claims 

No: Claims 

Yes: Claims 

No: Claims 



1-42 



1-42 



1-42 j 



2. Citations and explanations 
see separate sheet 
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INTERNATIONAL PRELIMINARY International application No. PCT/DK03/0041 3 
EXAMINATION REPORT - SEPARATE SHEET 

Cited Documents 

1 . Reference is made to the following documents: 
D1 : WO 01 86144 A 

Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

2. Document D1 , which is considered to represent the most relevant state of the art, 
discloses a wind protection lightening means from which the subject-matter of claim 
1 differs in that a fastening means is provided within or attached to the mounting 
flange connecting the hub to the main shaft or alternatively through holes within the 
flange are provided to electrically conduct lightning strike away. 

The technical problem solved by this distinguishing feature could be determined as 
to provide a wind protection lightning means that is kept within the boundaries of the 
nacelle thereby not impeding the aerodynamic properties of the wind turbine. 
The solution as defined by the combination of features in claim 1 appears to be not 
known from document D1 or from any of the documents cited in the international 
search report and does not appear to be rendered obvious by any of these 
documents alone or in combination, and is not considered a matter of 
normal design proceedure. 

The subject-matter of claim 1 is therefore new (Article 33(2) PCT). 

3. Independant claims 40 and 41 appear to comprise of the method steps 
of claim 1 and are therefore also new (Article 33(2) PCT). 

4. Claims 2-39 are dependent on claim 1 and as such also meet the requirements of 
the PCT with respect to novelty and inventive step. 
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INTERNATIONAL PRELIMINARY International application No. PCT/DK03/00413 
EXAMINATION REPORT - SEPARATE SHEET . 

Certain defects in the I nternational application 

5. a)The Independent claims are not in the two-part form in accordance with Rule 
6.3(b) PCT with those features known in combination from the prior art D1 being 
placed in the preamble (Rule 6.3(b)(1) PCT) and with the remaining features being 
included in the characterising part (Rule 6.3(b)(ii) PCT). 

b)The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

Certain observations o n the international application 

6. The dependent claims have not been adapted to the new text of the independent 
claim: for example all the features of claim 5 are already specified in claim 1 and 
therefore claim 5 should have been deleted. 

7. Although claim 42 has been drafted as a separate independent use claim, it 
appears to be redundant because all the features are known in method claims 40 
and 41 . The aforementioned claim therefore lacks conciseness and as such does 
not meet the requirements of Article 6 PCT. 

8. The C.A.D. figures do not reproduce clearly on black and white photocopies. The 
same C.A.D. drawings should be provided without colourings and with reference 
signs (Rule 11.13 (a)(e) PCT). 
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LIGHTNING PROTECTON MEANS FOR A WIND TURBINE 



B ACKGROUND Or THE INX/EFfflOMFIElD OF THE INVENTION 



5 



The present invention relates to a wind turbine with lightning protection means, said 
means comprising means for conducting an electrical current induced by a lightning, said 
means capable of conducting the electrical current from blades of the wind turbine and to 
10 the nacelle of the wind turbin e, through the hub and to a stationary part of the wind 
flUffting bv leading the electric conductor means oast a flange for mounting the hub to a 
main shaft of the wind turbin e, said stationary part of the wind turbine being stationary in 
relation to the mounting flanoe during operation of the wind turbine. 

15 BACKGROUND OF THE INVENTION 

Different kinds of means are known for protecting electrically fragile parts of wind turbines 
from lightning. One kind of means is intended fbr avoiding the electrical current from a 
lightning striking the blades of the wind turbine from entering the generator and other 
20 electrical and electronic components situated in the top of the wind turbine. This is done by 
conducting the electrical current from the blades to the tower of the wind turbine and to 
the ground. 

WO 01/86144 describes a wind turbine with such a lightning protection system. The 
25 lightning protection system comprises a rod mounted to the blades of the wind turbine. 
The stick is mounted at the base of the blades. The rod is intended as lightning conducting 
means conducting the lightning from the base of the blades to a conducting ring mounted 
co-axlally around the main shaft, outside the housing of the nacelle. From this conducting 
ring the electrical current Is conducted through the machine carrying elements provided in 
30 the nacelle and further on to the tower along a slip means provided at the yawing gear. 
Thereby, the conducting of the electrical current is Independent of the actual rotary 
position of the machine carrying elements In the nacelle compared to the tower. 

Hie apparatus described in the above WO-publication is said to be capable of ensuring that 
35 no electrical current from the lightning damages the electrical and electronic components. 
However, the Invention is not so described as to enable the person skilled in the art to 
obtain this object. Also, the means by which the lightning protection is provided has 
disadvantages. Firstly, providing a separate conducting ring outside and around the entire 
nacelle demands a very large ring and when mounted, though very difficult, inflicting the 
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aerodynamic properties of the wind turbine nacelle. Also, how the large conducting ring Is 
suspended in relation to the machine carrying elements of the nacelle Is not described. 
Accordingly, the mounting of the conducting ring, which, as mentioned, is one of the major 
disadvantages of the apparatus, is not mentioned. Therefore, the person skilled In the art 
5 will not only be posed to the disadvantages apparent from the description, i.e. the large 
_ conducting ring, but will also have to apply a very inventive skill in order to overcome th© 
problem of how to mount the large conducting ring, 

m 197 48 716 describes g lighting prpt5Etf fftt system comprising g£ least ftftyg CTntiMSfeg* 
10 inside the turbine blade. The one conductor l eads to one side of a transformer, said 

transformer being capable of generating e lectrical current in the conductor far hestainp the 
blade. However, the flfi S conductor also functions as Ha h mllift conductor. In this case, the 
conductor is connected either dttrecfclv to the hub as s hown in fta. 1. or to a s eparate ring 
provided around the main aide and outside the nacelle of the win d turbine as shown in fin. 
15 2, or to a separate Kightntng EBrf 9? Shown in fig, gJMld situated outside fog R9^l^ gfflfl 
conducting the Blgthnlno voltage to anv m etal part in the vlclnfcv of ghe Dlohtnlno rod. 

EP B 4P5 de scribes a gghtnjng conductor very lite the one shown and described it^ 
WO 01/ggl44. Thus, a seoacate-gon ductor ring 8s provided around the main shaft outside 

20 the rcacelfle. A conductor plate, a lso proviried_autside the nacelle conducts the llohtnlpg 
form the separate conductor ring to the tower of the wind turbine a nd therefrom to the 
ground. The lightning voltage Is passed from the turbine blade via a spark oao to the 
separate conductor ring, from the separate conductor ring via a spark gap to the separate 
conductor plate and from the separate conductor pfat gviia a spark gap to the tower. 

25 - 

EP 1 154 537 dg5Crjpj>s_iUlqh^ comprising a slip rin gjgpvided around the 

main shaft and brushes passing Bightnlna voltage fro m the slip ring to a fixed sfarur^ urg 
secured to the body of the windjturbihe. The fixed structure serves as a protection shield 
for the generator of the wind turbine. The liehfem'ng volt age is passed from lightning 

30 conductors in the bla de along an exteriorly placed cable to the slip ring, and from the slip 
ring to brushes aod-the protection shield being part of the fixed structure of the tumln p , 

It is the object of the preserat Invention to provide a lightning protection means for a wind 
turbine, said means providing the necessary protection of the electrical and electronic 
35 components of the wind turbine, and being easy to Install, both In the sense of the 
craftsman-like skills necessary, and also in sense of the number of and the type of 
components used, seeing that the lightning protection means Is to be installed and 
serviced In the nacelle of the wind turbine, high above ground level or sea level. 
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SUMMARY OF THE INVENTION 

This objeet is obtained by wind turbine lightning protection means, sa i d moans comprising 
5 m e ans foraomj ucUngnif^* ^ induced by a llghtnlng^ - sa i d moons capobte - o f 

eeg^ feicting tftcoicctr l caf current from biad^ of U fcg *ttH«3-3 ^ to the basis of the 

w ind-ta r b lno, and said moans comprisln g-ete€a4e^ <y)n ductor- mgafta^qgglRg-qteg^tete 
bo os? - of th o bl a dggT^hreqgfe^feg^^s ^ to a stationary part of the wind turbine by -feadteg 
thc - etecfric conductor meagre past a flange Ite -maw^ ng'tho hub to a main shaft of th e 

10 qfirtf td tu rbine said stationary part of the wind turb i ne b ein g - s t a ti ^a fyHfi-reteSte^ 

mounting flange - during operation of thc - w i nd turfe te ewhere leading of the electrically 
eenfluegino meang past ^ ^jpaniintirigLfianqe is established by one of the following means: 
Fastening means provided in or attached to the circumference of the moiLBnaagLfLanqe for 
fastening the eleefrleaHv conducting means to t he circumference of the mounting flanae. or 

15 ttoLu.gh=going holes In the mounting flange for passing Eha eleg-r^niy CTjg^luctiriqjmegns 

By leading the electrical! current along the electrical conductor through the hub, all of the 
lightning protection system will be kept within the boundaries of the hub, thus neither 

20 necessitating specially adapted means for suspending the lightning protection means to 
the hub or the nacelle, nor obstructing or impeding the aerodynamic properties of the wind 
turbine. However, passing the electrical conductors through the hub incur problems when 
having to pass the electrical conductors from the hub to the tower. This is accomplished by 
passing the electrical conductors either past the circumference of tfie mounting flange of 

25 the hub or by passing the electrical conductors through holes in the mounting flange. 
Thereby, all of the lightning oroeeetien jsyjstem will be kept within the boundaries of Ehg 
naeellle as well, thus a«SQ_assistinq in not obstructing or imnerfino the a^r^vn^rnfg 
properties of the wind turbine. 

3D Passing the electrical currant from the mounting flange to the nacelle may take place in 
any suitable manner,, However, due to the fact that the mounting flange is rotating along 
with the main shaft and the hub, when the wind turbine Is functioning, the present 
invention, in a preferred embodiment, makes use of special provisions for passing the 
electrical current from the mounting flange to a stationary part of the wind turbine. 

35 

In a first embodiment, the electrically conducting member comprises an annular member 
provided around the main shaft of the wind turbine, and raid annular member being 
electrically Insulated from the mounting flange and from the main shaft, and where the 
annular member is attached to the mounting flange, thus rotating with the mounting 
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flange, the main shaft and the hub during operation of the wind turbine, and where slip 
means are provided between the annular member and the stationary part of the wind 
turbine, said slip means conducting the electrical current from the annular member to the 
stationary part. 

5 

In a second embodiment, the electrically conducting member comprises an annular 
member provided around the main shaft oFthe wind turbine, and said annular member 
being electrically Insulated from the mounting flange and from the main shaft, and where 
the annular member is attached to the stationary part of the wind turbine, thus not 
10 rotating with the mounting flange, the main shaft and the hub during operation of the wind 
turbine, and where slip means are provided between the annular member and the 
mounting flange, said slip means conducting the electrical current from the mounting 
flange to the annular member. 

15 In principle, there Is no difference in the individual parts and the function of the first 
embodiment and the second embodiment for passing the electrical current from the 
mounting flange to the tower via a stationary part of the wind turbine in relation to the 
mounting flange. The only difference is, whether the annular member Is attached to the 
mounting flange and thus, rotates along with the flange during operation of the wind 

20 turbine, with the lightning current receptors being stationary, or whettier the annular 
member In stead is mounted to the stationary part of the wind turbine in relation to the 
mounting flange and thus the lightning current receptors being attached to and rotating 
along with the mounting flange during operation of the wind turbine. 

25 The slip between the lightning current receptors and the annular member may also be 
accomplished in different ways. By slip Is meant slip In its broadest understanding, i.e. not 
In the strict electrical understanding, the slip means thus being means allowing a mutual 
displacement between the annular member and the stationary part, but still being capable 
of conducting the electrical current induced by a lightning striking one or more of the 

30 blades of the wind turbine and being passed to the slip means. 

One embodiment according to the Invention makes use of metal brushes constituting the 
tJp of the lightning current receptors. A second embodiment makes use of carbon brushes 
constituting the tip of the lightning current receptors, such as frequently used In electrical 
35 generators and electrical motors. A third and preferred embodiment makes use of a small 
gap between a pointed tip of tfrie lightning current receptors and the annular member, thus 
creating a spark, when the current is led from the mounting flange to the stationary part. 
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An overall object of the different possible embodiments according to the invention for 
conducting the electrical current from the blades of the wind turbine to the stationary part 
In relation to the mounting flange is to avoid electrical current being passed through 
sensitive parts and components In the nacelle and possible other parts of the wind turbine. 
5 Thus, it is important to assure that parts such as bearings and components such as the 
generator will not be affected by the electrical current induced by the lightning and being 
passed to the stationary part in relation to the mounting flange. A stationary part in 
relation to the mounting flange may be any part of the wind turbine apart from the blades, 
the hub and the main shaft. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

The Invention will now be described with reference to the accompanying drawings, where 

15 fig. 1 is a perspective view of an embodiment of the lightning protection means according 
to the invention, also with other parts the wind turbine shown, 
fig. 2 Is a perspective view of the embodiment viewed from the side and showing the 
pathway for the current when passing from the hub to the tower, and 
fig. 3 Is a perspective view of the embodiment viewed from the behind, also showing the 

20 pathway for the current when passing from the hub to the tower 

fig. 4 is a perspective view of another embodiment of the lightning protection means 
according to the invention, also with other parts the wind turt>ine shown, 
fig. 5 is a cross-sectional and perspective view of parts of the other embodiment of the 
lightning protection means according to the invention, 

25 fig. 6 is a perspective view of parts of the other embodiment of the lightning protection 
means according to the invention, also with other parts the wind turbine shown, 
fig. 7 is a perspective view of static discharge unit provided in addition to ansd as a 
supplement to the lightning protection means according to the invention, 
fig. 8 is a perspective view of a possible embodiment of a lightning current receptor 

30 constituting part of the lightning protection system according to the invention 

fig. 9 is a perspective view of a possible other embodiment of a lightning current receptor 
constituting part of the lightning protection system according to the invention 
fig. 10 is a perspective view of a possible yet other embodiment of a lightning current 
receptor constituting part of the lightning protection system according to the invention 

35 fig. 11 is a cross-sectional view of the possible yet other embodiment of a lightning current 
receptor constituting part of the lightning protection system according to the invention. 
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Figi l is a view showing parts of a wind turbine with lightning protection means being 
installed. The parts of the wind turbine are a nacelle 1 being in connection with a tower 
(not shown) of the wind turbine, a main shaft 2, a front bearing 3 for the main shaft, and a 
mounting flange 4 constituting a part of the main shaft, and for mounting a hub (not 
5 shown) to the front end of the main shaft. The bearing 3 is secured to the nacelle 1. 

The lightning protection means comprises electrical conductors 5 intended for passing 
inside the shelf of the hub. Insulating sleeves 6 intended for passing the electrical 
conductors through specially adapted holes 7 (see fig. 2) in the mounting flange and an 
10 annular member 8 (see fig^ 2) being attached to the mounting flange by means of 

bushings 9 (see fig. 2) and intended for rotating with the mounting flange when the wind 
turbine is functioning. 

Thus, the electrical conductors lead from the base of the blades (not shown) of the wind 
15 turbine, into the hub (not shown) Into the specially provided holes 7 in the mounting 

flange and to the annular member 8 attached to the opposite side of the mounting flange, 
namely the rear side of the mounting flange, compared to the front side of the mounting 
flange, onto which front side the hub is mounted by means of the mounting holes shown 
provided in the outer vicinity of the circumference of the mounting flange. 

20 

In an alternative embodiment, the electrical conductors do not pass through holes In the 
mounting flange, but pass the circumference of the mounting flange so that specially 
provided holes need not be provided In the mounting flange. In an embodiment like this, 
notches may be formed in the circumference of the mounting flange, or even easier, 
25 clamps may be attached to the mounting flange, said clamps fastening cables or other 
electrically conducting means to the circumference of the mounting flange. 

Fig. 2 and fig. 3 are close-up views seen substantially from the side and seen from the 
rear, respectively, of how the lightning protection means is placed In relation to each other 

30 and in relation to the parts of the wind turbine. As mentioned above, the electrical 

conductors 5 pass from the hub (not shown) through the specially provided holes 7 in the 
mounting flange 4. As mentioned, electrically insulating sleeves (see fig. 1) are provided in 
the holes 7 for electrically insulating the electrical conductors 5 from the mounting flange 
4. However, if the electrical conductors themselves are provided with Insulation thick 

35 enough, the electrically insulating sleeves may be omitted. 

In the embodiment shown, three electrical conductors are shown, one from each blade of a 
conventional wind turbine, and three corresponding holes are provided In the mounting 
flange. However, wind turbines having another number of blades may be provided with 
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another number than three electrical conductors and corresponding holes. However, wind 
turbines having three blades may nevertheless have all three blades connected to one and 
the same conductor passing though only one hole In the mounting flange. 

5 When tfie electrical conductors 5 have passed the mounting flange 4 through the holes 7, 
the electrical conductors are passed to the annular member 8. The annular member is 
electrically insulated from the mounting flange by being attached to the mounting flange 
using electrically insulating bushings * establishing a certain axial distance between the 
mounting flange and the annular member. Opposing the annular member, a number of 
io lightning current receptors 10 are provided. 

The lightning current receptors 10 are mounted in a ring 11 being electrically In contact 
with the basis of the tower, i.e. the ground of the sea, either along the tower Itself or along 
wires leading through the tower to the basis. The electrical contact may be provided 

15 through the bearing 3 for the main shaft 2, or It may be provided separate from the 
bearing. The number of lightning current receptors is arbitrary, The lightning current 
receptors have a pointed tip, and a small gap (not shown) Is provided between the pointed 
tip of the lightning current receptors and the annular member. The size of the gab depends 
on the number of lightning current receptors and depends on the size of electrical current, 

20 which is expected during lightning, or which Is Intended for being conducted from the 
blades of the wind turbine and to the ground or sea. Preferably the size of the gab is 
between 1 mm and 10 mm, more preferably between 1 mm and 5 mm. 

In alternative embodiments, the current is passed from the annular member to the 
25 lightning current receptors by means of metal brushes or carbon brushes constituting the 
tips of the lightning current receptors In stead of the pointed tip and abutting the annular 
member, thus passing the electrical current form the annular member to the lightning 
current receptors without creating a spark. 

30 Figs, 4-7 are different views of another possible embodiment of a lightning protection 
system. Fig. 4 shows from the rear side 4B of the mounting flange 4 the main shaft 2 of 
the wind turbine together witfi the front bearing 3 of the main shaft. The mounting flange 
4 of the main shaft is shown with a plurality of holes for mounting the hub (not shown) of 
the wind turbine to the main shaft 2. Electrical conducting cables 5 lead from the hub (not 

35 shown) to Insulating sleeves 6 with further electrical conductors inserted into specially 
adapted holes 7 (not shown) In the mounting flange 4, After having been passed trough 
the mounting flange 4, the electrical conductors 5 are being led to the annular member S. 
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Rg. 5 shows in greater detail and in a cross-sectional view the leading of the electrical 
conductors 5 through the mounting flange 4 and to the annular member 8. An electrically 
insulated cable 5 such as a standard cable gland PG29 with amour earth ring and metric 
wire is situated in the hub and lead from one of the blades mounted to the hub. As 
5 mentioned, a specially adapted hole 7 is provided In the mounting flange 4. Through the 
hole 7, a standard APE constituting the insulating sleeve 6 is passed through the hole 7 to 
the annular member 8. The cable 5 is attached to a proximate end 6A of the APE by means 
of a cable plug 12. The annular member 8 is attached to a distant end 6B of the APE by 
means of small bolts 13. In a possible embodiment as shown, the bolts 13 have bolt heads 
10 being flush with or at least not extending beyond the surface 8B of the annular member 
facing lightning current receptors (see fig. 8-11). The annular member 8 is secured to a 
rear side of the mounting flange 4 by means of electrically insulating insulators 9. 

The electrically insulating insulators 9 are standard insulators being provided with threaded 
15 bolts in one end (see fig. 7), and around the body of the insulator means for rotating the 
insulator is provided, such as a six-edged circumference 14 as shown for rotating the 
insulators by means of a wrench. When rotating the Insulator the threaded end (see fig. 7) 
in the one end of the Insulator Is screwed into a corresponding threaded hole (not shown) 
in the rear side of the mounting flange. A threaded hole in the other end of the insulator Is 
20 used for accommodating a correspondingly threaded bolt screwed Into the threaded hole 
(not shown) through a hole (not shown) in the annular member 4. 

Alternatively, the Insulator 9 may be provided with threaded bolts in both ends, and the 
annular member being provided with a correspondingly threaded hole. Rotation of the 

25 insulator 9 will thus result in each of the threaded bolts being screwed into the 
corresponding threaded holes In the mounting flange and in the annular member, 
respectively. By any of the two attachment possibilities mentioned, an easy and secure 
attachment of the annular member to the rear side of the mounting flange Is obtained. If 
the annular member were to be attached to the bearing in stead, similar attachment as the 

30 ones described above could easily be adopted. 

Fig. 6 shows a different view than the view shown in fig. 4, namely the lightning protection 
system seen from the front side 4A of the mounting flange 4. For the sake of clarity, the 
mounting flange 4 Is however not shown. Also the main shaft 2 is not shown, but the front 
35 bearing 3 of the main shaft is shown, 

As can be viewed, the embodiment comprises the electrical conductors 5 such as cables, 
one for each of the blades of a preferred wind turbine. However, it will be possible to apply 
more electrical conductors than only one for each blade, and it will be possible to apply the 
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lightning protection system with wind turbines having another number of blades such as 
one blade, two blades or more than three blades* Finally, it will be passible to connect the 
electrical conductors from each blade to one common conductor inside the hub, and just 
pass the one conductor to the mounting flange and further on to the annular member. 

5 

The annular member 4 extends along an entire circular circumference, it will be possible, 
although not preferable, to divide the annular member Into a plurality of sections, perhaps 
three sections, one section for each electrical conductor. If only one of the blades during 
lightning Is struck by a lightning, only the electric conductor from that blade and tJius only 
10 the section of the annular member, onto which that electrical conductor is attached, will 
pass the electrical current to the stationary part. The other sections of the annular member 
will not participate in the conducting of the electrical current from the one blade. 

Fig. 7 shows a possible embodiment of a unit 15 capable of discharging any static 
15 electricity that may be formed between the annular member 8 and die stationary part of 
the nacelle, onto which the electrical current is passed from the annular member 8. In the 
embodiment shown, the electrical current is passed from the annular member 8 to a front 
cover plate of the front bearing 3 of the main shaft Accordingly, the static discharge unit 
15 is mounted to the front cover plate. The static discharge unit 15 consists in a brush 
20 mounted to the front plate of the bearing through electrically insulating insulators 9, the 
proximate end of which holds the discharge brush 15 by means of bolts or nuts and the 
distant end of which is secured to the front plate of the bearing. 

A threaded bolt 16 is shown extending from the one end of the insulator 9, and the 
Z5 function of which is described with reference to fig. 5. In the embodiment shown (see fig. 
6) only one static discharge unit 15 is provided. However, It will be possible to provide 
more than one static discharge unit 15, and it will be possible to provide the one or more 
static discharge units 15 to other elements in the nacelle than the front place of the front 
bearing of the main shaft. Alternatively to the static discharge unit shown in fig. 5, a 
30 resistor could be provided over the insulator attaching the annular member to the 
mounting flange. 

Figs. 8-11 show different embodiments of the so-called lightning current receptors 10. The J 
lightning current receptors are intended for establishing the slip connection between the 
35 annular member 4 and the front bearing of the main shaft, the stationary part Inside the 
nacelle, which the current, in the embodiment shown, initially is passed on to. 

Fig. 8 shows a first embodiment of a lightning current receptor 10 similar to the lightning 
current receptors shown in fig- 1-3. The lightning current receptor consists In a base 17 
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and a pointed tap 18, said pointed pin directed towards the annular member 4. The base 
17 is by means of a bolt 19 secured to the front bearing 3 of the main shaft. A gap is 
providing a distance between the annular member 4 and the very point of the pointed tip 
18. 

5 

When electrical current is established from a lightning striking one or more of the blades of 
the wind turbine, the current is conducted to the annular member. A spark will be formed 
between the annular member and one or more of the tips of the pointed pins of the 
lightning current receptor. From the lightning current receptors, the current will be passed 
10 further on along the front bearing of the main shaft to stationary parts of the wind turbine, 
such as the tower and further down the tower to the ground. 

Fig. s shows a second embodiment of a lightning current receptor a little different than the 
lightning current receptors shown in fig. 1-3. The lightning current receptor consists In 

15 plate member 20 having a tip consisting in pointed prongs 21, said pointed prongs 21 
directed towards the annular member 4. The plate member is by means of a bolt 19 
secured to the front bearing 3 of the main shaft. A gap is providing a distance between the 
annular member 4 and the pointed prongs 21. The plate member is bent in such a manner 
that the radial distance between an Inner circumference of the annular member and the 

20 prongs of the lightning current receptor Is smaller than an axial distance between the 
surface 4B of the annular member 4, and facing the bearing 3, and the prongs 21 of the 
lightning current receptor. 

When electrical current is established from a lightning striking one or more of the blades of 
25 the wind turbine, the current is conducted to the annular member. A spark will be formed 
between the inner circumference of the annular member and the pointed tips of one or 
more of the plate members constituting the lightning current receptor. From the lightning 
current receptors, the current will be passed further on along the front bearing of the main 
shaft to stationary parts of the wind turbine, such as the tower and further down the tower 
30 to the ground. 

Fig. 10 shows a second embodiment of a lightning current receptor a little different than 
the lightning current receptors shown In fig. 1-3. The lightning current receptor consists in 
plate member 20 having a tip constituted by pointed prongs 21, said pointed prongs 21 
35 directed towards the annular member 4. The plate member 20 is by means of a bolt 19 
secured to the front bearing 3 of the main shaft. A gap is providing a distance between the 
annular member 4 and the pointed prongs 21. The plate member Is not bent, as is the 
plate member of the lightning current receptor shown in fig. 9, but is directed straight 
towards the annular member. Thus, the distance between the annular member and the 
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prongs of the lightning current receptor is the axial distance between the surface 4B of the 
annular member, facing the bearing 3, and the prongs 21 of the lightning current reeeptor. 

When electrical current is established from a lightning striking one or more of the blades of 
5 the wind turbine, the current Is conducted to the annular member. A spark will be formed 
between the surface of annular member and the pointed tips of one or more of the plate 
members constituting the lightning current reeeptor. From the lightning current reeeptors, 
the current will be passed further on along the front bearing of the main shaft to stationary 
parts of the wind fcurbtae, such as the tower and further down the tower to the ground. 

10 

Alternative embodiments to the ones shown in fig. 8-10 may be the following: The pointed 
ftps of the lightning current receptors need not be pointed tips but may Instead be tips 
with no pointed shape, sueh as cylindrically shaped tips. The lightning current receptors 
need not constitute single separate members an relation to the number of lightning current 

15 receptors. The podnted or non-pointed tips of the receptors may be constituted by a ring 
encircling the front plats of the bearing, said ring being provided with tips at selected 
positions aiong the circumference of the ring, and said tips extending axlaily from the ring 
towards the annular member. The gap established between the annular member an the 
pointed or non-pamted tips of the lightning current receptors may be established along the 

20 outer circumference of the annular member as an alternative to along the inner 
circumference or along the surface facing the receptors. 

Bg, 11 Is a crass-sectional view of the embodiment shown fin fig, 10. The electric cable is 
received from the hub of the wiend turbine and attached by means of cable plug to the | 
25 insulatDng sleeves such as an APE having a cere for conducting electrical current, The 
eleeerically insulating sleeve Is supported In a hole provided in the mounting flange for 
mounting the hub to the main shaft of the wind turbine. The Insulating sleeve with the 
conducting core is attached to the annular member. The annular member Is secured to a 
rear side of the mounting flange by means of electrically Insulating insulators. 

30 

During operation of the wind turbine, the mounting flange together with the main shaft will 
rotate. Thus, also the electric cables, the Insulating sleeves with the conducting core, the 
annular memeber and the insulators attaching the annular member to the rear side of the J 
mounting flange will all rotate together with the mounting flange, the main shaft, the hub 
35 of the wind turbine and the blades of the wind turbine. 



During operation, the front bearing of the main shaft will however not rotate. Accordingly r 
the lightning current receptors, which are secured to the bearing, will not rotate, either. 
Therefore the gap between the annular member and the pointed tips or tips of the 
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lightning current receptors is established. By adjusting the position of the lightning current 
receptors It will be possible to adjust the magnitude of the gap, i.e. the distance between 
the annular member and the tips or tips of the lightning current receptors. By adjusting 
said distance, it is possible to adjust at which potential difference a spark will be formed in 
5 the gap between the annular member and !the tips or tips of the lightning current 
receptors. 

Generally speaking, during lightning, the blades of the wind turbine may be struck by a 
lightning. The blades are provided with electrical conductors of commonly known type 
10 running along the lengths of the blades. The electrical conductors of the blades run to the 
base of the blades and the electrical current is passed to the electrical conductors 
constituting part of the present invention. The electrical current is then passed along the 
electrical conductors of the invention from the base of the blade inside the hub, ttirough 
the mounting flange and to the annular member. 

15 

When the electrical current reaches the annular member, the electrical currents pass on to 
the tips of the lightning current receptors by traversing the small gab as a spark running 
from the annular member to the tip of oneor more lightning current receptors. From the 
lightning current receptors the electrical current Is passed to the ground either through the 
20 bearing and perhaps through the metal of the tower, or through specially adapted means 
(not shown) for leading the current from the lightning current receptors to the ground, 
perhaps along wires suspended in the tower. 

In an alternative embodiment, in stead of the annular member being attached to the 
25 mounting flange and the lightning current receptors being secured to the stationary part In 
relation to the mounting flange, the lightning current receptors may be attached to the 
mounting plate and the annular member secured to the stationary part. Thus, in stead of 
the annular member rotating with the mounting flange, the lightning current receptors will 
be rotating with the mounting flange. However, the function of the lightning current 
30 receptors and the annular member will be exactly the same, also if the lightning current 
receptors are provided with metal brushes or carbon brushes at the tips In stead of being 
pointed for creating a spark gap. 
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CLAIMS 

1. A wind turbine lightning protection means, said means comprising means for conducting 
an electrical current Induced by a lightning, said means capable of conducting the electrical 

5 current from blades of the wind turbine, and said means comprising electrical conductor 
means passing along the base of the blades, through the hub and to a stationaiypart of 
tile wind turbine by leading the electric conductor means past a flange for mounting the 
hub to a main shaft of the wind turbine, said stationary part of the wind turbine being 
stationary in relation to the mounting flange during operation of the wind turbineLand 
10 where leading of the electrically con ducting means oast the mounting flange is established 
by one of the following means; Fastening mea ns provided In or attached tQ-tbe 
tfryi fmference of the mounting flange for fastening the electrically conducting means to.the 
c ircumference of the mounting flange, or throuoh-going holes In Che mounting flange for 
pa^tno the electrically conducting mea ns through the mounting flange, 

2. A wind turbine lightning protection system according to claim 1, said electrical conductor 
means leading past the mounting flange electrically Insulated from the mounting flange, 

3. A wind turbine lightning protection means according to claim l or claim 2, where leading 
of the electrical conductor means past the mounting flange are provided by leading the 
electrical conductor means past the circumference of ttie mounting flange. 

4. A wind turbine lightning protection system according to daim 3, where electrical 
insulation is provided between the electrical conductor means and the circumference of the 
mounting flange, 

* 

5v A wind turbine lightning protection means according to dalm 1 or daim 2, where leading 
of the electrical conductor means past the mounting flange are provided by leading the 
electrical conductor means through the mounting flange. 

6. A wind turbine lightning protection system according to daim 5, where electrical 
Insulation is provided between the eledxical conductor means and holes in the mounting 
flange. 

■ 

35 7. A wind turbine lightning protection meaias according to any of the preceding daims, 
where the electrically conductor means comprises an annular member provided around the 
main shaft of the wind turbine, and said annular member being electrically Insulated from 
the mounting flange and from the main shaft. 
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8. A wind turbine lightning protection means according to claim 7, where the annular 
member is attached to the mounting flange, thus rotating with the mounting flange, the 
main shaft and the hub during operation of the wind turbine, and where slip means are 
provided between the annular member and the stationary part of the wind turbine, said 

5 slip means conducting the electrical current from the annular member to the stationary 
part. 

9. A wind turbine lightning protection means according to daim 7, where the annular 
member is attached to the stationary part of the wind turbine, thus not rotating with the 

10 mounting flange, the main shaft and the hub during operation of the wind turbine, and 
where slip means are provided between the annular member and -the mounting flange, 
said slip means conducting the electrical current from the mounting flange to the annular 
member, 

15 10. A wind turbine lightning protection means according to claim 8 or claim 9, where the 
slip means are a number of metal brushes abutting the annular member and sliding along 
the annular member, when the mounting flange is rotating during operation of the wind 
turbine. 

20 11. A wind turbine lightning protection means according to claim 8 and claim 10, where 
the slip means being a number of metal brushes abutting the annular member and sliding 
along the annular member, Is secured to the stationary part of the wind turbine. 

12. A wind turbine lightning protection means according to daim 9 and claim 10, where 
25 the slip means being a number of metal brushes abutting the annular member and sliding 

along the annular member, is secured to the mounting flange. 

13. A wind turbine lightning protection means according to claim 8 or daim 9, where the 
slip means are a number of carbon brushes abutting the annular member and sliding along 

30 the member, when the mounting flange is rotating during operation of the wind turbine. 

14. A wind turbine lightning protection means according to claim 8 and daim 13, where 
tfie slip means being a number of carbon brushes abutting the annular member and sliding 
along the annular member, is secured to the stationary part of the wind turbine. 

35 

15. A wind turbine lightning protection means according to daim 9 and daim 13, where 
the slip means being a number of carbon brashes abutting the annular member and sliding 
along the annular member, is secured to the mounting flange. 

! 




15 . 

16. A wind turbine lightning protection means according to claim 8 or daim 9, where the 
slip means are a number of spatial gaps, said gaps constituting spark gaps far the 
electrical current to pass in the form of sparks from the annular member. 

5 17. A wind turbine lightning protection means according to daim 8 and daim 16, where 
the slip means being a number of gaps is established between the annular member and a 
number of iightning current receptors, said receptors being is secured to the stationary - 
part of the wind turbine. 

10 18. A wind turbine lightning protection means according to daim 9 and daim 16, where 
the slip means being a number of gaps is established between the annular member and a 
number of lightning current receptors, said receptors being secured to the mounting 
flange. 

19. A wind turbine lightning protection system according to any of daims 16-18, where the 
receptors is constituted by a pointed end neighbouring a surface of the annular member 
substantially lying in a plane perpendicular to a rotating axis of the main shaft, 

20. A wind turbine lightning protection system according to any of claims 16-18, where the 
receptors is constituted by a pointed end neighbouring an inner drcumference of the 
annular member, said drcumference surrounding the rotating a*is of the main shaft, 

21. A wind turbine lightning protection system Recording to any of daims 16-18, where the 
receptors is constituted by a pointed end neighbouring an outer circumference of the 
annular member, said drcumference surrounding the rotating axis of the main shaft, 

22. A wind turbine Iightning protection system according to any of daims 16-21, where a 
radial distance in relation to the rotating axis of the main shaft between the annular 
member and the pointed end of each of the lightning current receptors is smaller than an 

30 axial distance in relation to the rotating axis of the main shaft between the annular 
member and the remainder of each of the lightning current receptors, 

23. A wind turbine lightning protection system according to any of daims 16-21, where an 
axial distance in relation to the rotating axis of the main shaft between tfie annular 

35 member and the pointed end of each of the lightning current receptors is smaller than a 
radial distance in relation to the rotating axis of. the main shaft between the annular 
member and the remainder of each of the lightning current receptors. 
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24. A wind turbine lightning protection system according to any of claims 16-23, where the 
pointed tip of the lightning current receptor is cylindrically shaped with the pointed end of 
the cylindrical shape being directed towards the annular member. 

5 25. A wind turbine lightning protection system according to any of claims 16-23, where the 
pointed tip of the lightning current receptor is conical ly shaped with the pointed end of the 
conical shape being directed towards the annular member. 

26. A wind turbine lightning protection system according to any of claims 16-23, where the 
10 pointed tip of the lightning current receptor is frtisto-conically shaped with the pointed end 

of the frusto-conlcal shape being directed towards the annular member. 

27. A wind turbine lightning protection system according to any of claims l6-23 r where the 
pointed tip of the lightning current receptor Is pyramidally shaped with the pointed end of 

15 the pyramidal shape being directed towards the annular member. 

28. A wind turbine lightning protection system according to any of claims 16-23, where the 
pointed tip of the lightning current receptor Is triangularly shaped with tjhe pointed end of 
the triangular shape being directed towards the annular member. 

20 

29. A wind turbine lightning protection system according to any of claims 16-23, where the 
pointed tip of the lightning current receptor is shaped like a fork with a number of prongs 
with the pointed end of the number of prongs being directed towards the annular member. 

25 30. A wind turbine lightning protection means according to any of claims 7-29, where the 
annular member is attached to the stationary part of the wind turbine, thus not rotating 
with the mounting flange, the main shaft and the hub during operation of tJie wind turbine, 
and where slip means are provided between the annular member and the mounting flange, 
said slip means conducting any static electricity, being formed apart from the the electrical 

30 current of the lightning, from the mounting flange to the annular member. 

31. A wind turbine lightning protection means according to claim 30, where the slip means 
are a number of metal brashes abutting the annular member and sliding along the annular 
member, when the mounting flange is rotating during operation of the wind turbine. 

35 

32. A wind turbine lightning protection means according to daim 30, where the slip means 
being a number of metal brushes abutting the annular member and sliding along the 
annular member, is secured to the stationary part of the wind turbine. 
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33. A wind turbine lightning protection means according to daim 31 and claim 32 r where 
ttie slip means being a number of metal brushes abutting the annular member and sliding 
along the annular member, is secured to the mounting flange. 

! 

34. A wind turbine lightning protection means according to daim 30 r where the slip means 
are a number of carbon brushes abutting the [annular member and sliding along the 
member, when the mounting flange is rotating duilng operation of the wind turbine. 



35. A wind turbine lightning protection means according to daim 30, where the slip means 
10 being a number of carbon brushes abutting the annular member and sliding along the 
annular member, is secured to the stationaryipart of the wind turbine. 



36, A wind turbine lightning protection means according to daim 34 and daim 35, where 

i 

the slip means being a number of carbon brushes abutting the annular member and sliding 
15 along the annular member, Is secured to the mounting flange. 



20 



37. A wind turbine lightning protection means according to daim 30, where the slip means 
are a number of spatial gaps, said gaps constituting spark gaps for the static electricity to 

| i 

pass In the form of sparks from the annular member. 

38. A wind turbine lightning protection means according to dalm 30, where the slip means 
being a number of gaps is established betwee|njthe annular member and a number of static 
discharge units, said units being is secured to! the stationary part of the wind turbine. 

j ; 

25 39. A wind turbine lightning protection means according to daim 30, where the slip means 
being a number of gaps Is established betwe^vthe annular member and a number of static 
discharge units, said units being secured to the* mounting flange. 



40. Method for conducting electrical current induced by lightning from the blades of a wind 
30 turbine to a stationary part of the wind turblnb jln relation to a mounting flange of the wind 
turbine, said method comprising passing the electrical current along electrical conductors 
and past the mounting flange from a front sidjajof the mounting flange to a rear side of the 

mounting flange and past the circumference cjf Ithe mounting flange. 

I ! 

35 41. Method for conducting electrical current induced by lightning from the blades of a wind 
turbine to a stationary part of the wind turbine £n relation to a mounting flange of the wind 
turbine, said method comprising passing the electrical current along electrical conductors 
through the mounting flange from a front side of the mounting flange to a rear side of the 
mounting flange* 
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42. Use of a mounting flange of a wind turbine for conducting electrical current, induced by 
a lightning, along electrical conductors extending from the blades of the wind turbine. 
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